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Standard Model w.

e Standard Model is very successful

A Description of matter and the
interactions

A Good agreement between predictions
and precision data

e But there are a few problems
A Gravity not included in the Standard
Model

A No explanation for dark matter in the
Universe

A No unification of couplings
A Hierarchy problem

A No explanation of the parameter values
In the Standard Model
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Standard Model

e Standard Model is very successful Veasurement e
o . 1 2 3

A Description of matter and the

nteractions nicen sumomn o
, 4952 £ 0. .

A Good agreement between predictions Opaa[Nb]  41540£0.037  41.478

: R 20.767+0.025  20.743

and precision data Afé;' 0.01714 + 0.00095 0.01644

AP) 0.1465+0.0032  0.1481

R, 0.21629 + 0.00066 0.21582

e But there are a few problems R, 0.1721£0.0030  0.1722

_ _ _ ASP 0.0992 +0.0016  0.1038

A Gravity not included in the Standard Al 0.0707£0.0035  0.0742

Model A, 0.923 + 0.020 0.935

A, 0.670 + 0.027 0.668

A No explanation for dark matter in the A(SLD)  0.1513+0.0021  0.1481

Universe sin"0P(Q,) 0.2324+0.0012  0.2314

. _ m, [GeV] 80.399+0.025  80.376

A No unification of couplings ry[Gev]  2098+0048  2.092

A Hierarchy problem m, [GeV] 172.4+1.2 1725

o
=
N
w

July 2008

A No explanation of the parameter values
In the Standard Model
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Standard Model w.

e Standard Model is very successful
A Description of matter and the
Interactions

A Good agreement between predictions
and precision data
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Model

A No explanation for dark matter in the
Universe

A No unification of couplings
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In the Standard Model
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Standard Model w.

e Standard Model is very successful

A Description of matter and the
interactions Standard Model

A Good agreement between predictions =,
o 60~ Vo,
and precision data -
a0t
e But there are a few problems - Vo
A Gravity not included in the Standard 20k e,
Model [
A No explanation for dark matter in the ol v o
. 0 5 10 15
Universe log,,(E/M,)

A No unification of couplings
A Hierarchy problem

A No explanation of the parameter values
In the Standard Model
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Supersymmetry w.

e Supersymmetry introduces a new symmetry between fermions and bosons

A Every Standard Model particle gets a new partner differing in spin by 1/2

A SUSY operator Q with
Q|Fermion> = |Boson>

Q|Boson> = |Fermion>

Standard particles SUSY particles
L 3 A P P
ud ca t
T g Pt
d s b
a0

Q Quarks . Leplans . Force parlicles Squarks a Sleptons 0 Suri":hm
pa 5
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Why Supersymmetry? w.

e Supersymmetry can solve some of the problems of the Standard Model

A Cancellation of radiative corrections for the Higgs mass
A Unification of the couplings

A If R—parity R, = (-1)3(B-L)+25 js conserved the lightest supersymmetric
particle (LSP) is stable

» SUSY provides a dark matter candidate
A Connection to gravity

Standard Model MSSM 2-loop
s [ 5 [ 267 =
= ol _Wa, = 60l sl
Or 1y 40 14.5
20 yq, 20r P
i Vag,;=25.35
I I M,=1.2510"°GeV
0 [ T S TN TN T ST ST SO TN NN T ST ST S O [ T S S TN ST ST SN TN AN ST SN SO R |
0 ) 10 15 0 5 10 15
log,,(E/M.) log,,(E/M,)

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld ) .
universitatbonn



Particle Content w

Particles in the Minimal Supersymmetric Model (MSSM)

R—parity = +1 R—parity = -1 R—parity = -1
Particle Symbol  Spin Particle Symbol  Spin Particle Symbol  Spin
Lepton ¢ e Slepton 01, fr 0
Neutrino % : Sneutrino % 0
Quark q 2 Squark ar, dr 0
Gluon g 1 Gluino g 5 .

Photon v 1 Photino o %

Z Boson Z 1 Zino Z 5

W Boson W+ 1 Wino W+ 2\ 4 Neutralinos  x? 1

Higgs HO H* 0 Higgsino  H9,H; 1 2 Charginos ¥t :
ho, A0 0 H ,H) 1

e Necessary assumptions for the analysis
A Three leptons in the final state
A Neutralino long lived enough to escape the detector
» MSUGRA among the models that fulfill these constraints
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DOR

e MSUGRA (minimal SuperGravity) is one of the most considered SUSY models
A Common scalar mass mg, gauginomass my o K" " " ]
and trilinear coupling Ay at GUT scale \
» Reduction to 5 model parameters

=4 tanﬁ! my, m1/2’ AO1 Slgn(:u)
A R—parity conservation
» LSP (Neutralino) is stable

e Consider two representative signal points -
A mp =150 GeV, m; , =170 GeV (250 GeV) oL

2 4 6 8 0 12 14 16 18

A tan 3 =3, Ay =0, sign(u) positive Log,,(Q/1 Gev)
e SUSY particle masses for these points (in GeV)

Mass [GeV]

mO m1/2 m)zilz mjzg mjz(l) mg my

SUSY2 150 170 | 107 109 59 168 179
SUSY1 150 250 | 177 176 95 161 220
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SUSY phenomenology
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SUSY at the Tevatron w.

Quark

Quark
e Main signals

A Squarks and Gluinos

» Large cross section because of strong production S
» Final state characterized by jets and I, '
» Large backgrounds from multijet production Neutralino | Neutralino

!
!

' Missing E ;
A Charginos and Neutralinos (“Trileptons”)

» Electroweak production = Small cross section
» Final state characterized by charged leptons and I,
» \ery clean signature

Jet

Jet
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e Associated production of Charginos and Neutralinos

A s—channel: via W boson
A t—channel: Squark exchange
A Destructive interference

) ) X

> :
------ < q

q X X'

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld . e " 10
universitatbonn




e Associated production of Charginos and Neutralinos

A s—channel: via W boson
A t—channel: Squark exchange
A Destructive interference +

+ X2 VA
W~ X ~
p q
q X X
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e Associated production of Charginos and Neutralinos

A s—channel: via W boson
A t—channel: Squark exchange

A Destructive interference +
7 < - 9 ; |
_ X— ,"' X2 / Xg
+ N2 X 0 T+
W~ X1 - | B
------ s
~i TR

o X X
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e Associated production of Charginos and Neutralinos

A s—channel: via W boson
A t—channel: Squark exchange
A Destructive interference +

Z See—X

> W+X<2\ 5 .
~ N— )~((1) o
q X~ E X
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e Associated production of Charginos and Neutralinos

A s—channel: via W boson
A t—channel: Squark exchange
A Destructive interference +
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e Associated production of Charginos and Neutralinos

A s—channel: via W boson
A t—channel: Squark exchange
A Destructive interference +

e Final state consists of

A Three charged leptons
A Two Neutralinos (LSP)
A One or more neutrinos
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Kinematics in the Plane

e Kinematics change in the mg—m, ,,—plane

m,,, (GeV)

A Harder lepton momenta with increasing — 2°
My /2
A I isincreasing as well

A Similar behavior for larger mass
differences of SUSY decay products

o MK =MW)+MK)

200 250
m, (GeV)
- 0.5[—

42 03— m0=150 GeV -'2 B mO0=150 GeV
c - m12=150 GeV c - m12=150 GeV
= n S5 —
> 0.251— > 04
< n m0=150 GeV < N m0=150 GeV

= - m12=190 GeV = B m12=190 GeV

o o2 o -
= — — 03—
© - — m0=150 GeV o B m0=150 GeV

0.15[— m12=210 GeV - m12=210 GeV
- | 02—

01k m0=150 GeV u m0=150 GeV

u m12=230 GeV N m12=230 GeV
- 0.1

0.051 mM0=150 GeV N m0=150 GeV
- m12=250 GeV B m12=250 GeV

o) rulll MY P IS N B S " L . e —— 0 PR PR PRI ! PRSP AR RS S NSRS ST
0 20 40 60 80 100 120 140 160 180 200 0 20 40 60 80 100 120 140 160 180 200
Leading p . (GeV) Next to Leading p . (GeV)
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Kinematics in the Plane w.

30
/ MGG = M(Z)+M&@’)

e Kinematics change in the mg—m; ,,—plane

m,,, (GeV)

A Harder lepton momenta with increasing — 2°
My /2
A I isincreasing as well

A Similar behavior for larger mass
differences of SUSY decay products

'SN

4

250
m, (GeV)
e Three-body region (mg+ < mygo + My and mg= < my)
A Kinematics mainly dominated by the mass of the Chargino
e Two-body region (m+ > m; (m5))

A Dominated by the mass difference of Chargino and Slepton (Sneutrino):
Amj; = my; - m = (Amy = my - mﬁ:)
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e Trilepton channel is the “golden mode” for
Chargino/Neutralino search

A Signature: three charged leptons plus
missing transverse energy w00 -

e Challenges

A Leptons have low transverse momenta
A Small cross sections: o xBR < 0.5 pb

10 E

o (PP—= X2X3 X3X3 XEXS, Xix1) (pb)

-3
10““|““\““\““|“‘

53 80 105 129 X
— T T T T T T T T T T T

RJXE
1 _ \L W. Beenakker etal. |
Xixé’\\ PRL 83, 3780, (1999)

o (PP—= X2X3 X3X3 XEXS, XiXy) (Iob).E
PP /S = 2 TeV)]

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld yrrveriE e

100 150 200

250
miax) (Gev)

2
D
Q
-
O
>
o )
@
-~
e
>
Q
-
=
)
®
0p)
Q
>
o
Z
g
-
—
-
D
S
®
0p)
A~~~
N
—

160

*g - Two-body region — p%
S 1400 Am=-3Gev | _

% 1200~ ] p_|2_
5 1000— — 3
S Pr

600—
400~

200—

E ol L i
GO 10 20 30 40 50 60 70 80 90 100
pr (GeV)

e Five different final states

A pp+track: [ Ldt ~ 2.3 fh !
ee+track: [ Ldt ~ 2.3 h™"
ep+track: [ Ldt ~ 2.3 b
pr+track: [ Ldt ~ 1.0 fb™"
pr+r: [ Ldt ~ 1.0 b~

> > > >
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Selection Strategy w.

1. Dilepton+track analysis

A Require two reconstructed leptons (either e, 1 or 7)
A Require significant . to account for escaping Neutralinos/neutrinos
A Require one additional isolated track

» Higher efficiency than reconstructed third lepton
» Efficient fore, yand

e For some SUSY parameter points the third lepton has very low pr
A Dilepton+track analysis becomes inefficient

2. Like—sign dilepton analysis (not part of this presentation)
A Require two reconstructed leptons of the same charge

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld universitétl:m'ml 13



Signal Monte Carlo

Les Houches Accord (LHA) input files are

generated with SOFTSUSY

= SUSY spectra within the MSSM (RGE),
one—loop finite corrections

Events are generated with Pythia using
LHA files

Signal cross sections are calculated with

Prospino

= Next—to—Leading order cross sections
for SUSY particles at hadron colliders

Branching fraction are reweighted using
SDECAY to properly take into account
Stau mixing

= Calculation of decay width and branching
fractions in MSSM

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld
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Data taking and detector

15
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Data Taking

Run Il Integrated Luminosity |19 April 2002 - 14 January 2009 |
. I N
é “-~_~--7 !
55 Many thanks [ ] /
5.78
5.0 to the Accelerator v
L5 Devision T A4
4.0 / ;/
) 39 _,_/’/’A 5.07
> 30 // _,/ l
= ]
g 25 yavd
£ 2 // »
3 20 fj' .
15 ;—/
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Data Taking
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Data Taking
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Data Taking

Run Il Integrated Luminosity | 19 April 2002 - 14 January 2009 |
6.0
N I I
4 “-~__--7 !
5o Many thanks [ ] /
5.0 to the Accelerator - T
O Y .
15 Devision T A S
4.0 /)/
— 35 L Dimuon, dielectron ana /A
€ Z l ' _./’/’ lS.o:r
g oo etedtrop—htdn-dnafysis L
E 25 // f/- oy
T nalysi :
15 L | efficiency
~ |
10 o — Delivered
05 e — Recorded
0.0 1

Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec- Apr- Aug- Dec-
0z 0z 0z 03 03 03 04 04 04 05 05 05 113 06 06 o7 o7 o7 08 08 08

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld . e " 16
universitatbonn



The D@ Detector

Central Preshower
Detector (CPD)

Central Fiber
Tracker (CFT)

Proportional Drift
Tubes (PDT)

{

I

|

l

Ni7775.7

e Detector comprises several

subdetectors

i
2 \/ L-\W s
[ /

777
s

\|

|1

Tubes (M DT)r/ = *
{
e

Forward Preshower
Detector (FPD)

l

J

Silicon Micro

ﬁ l_Tracker (SMT)

I

TR
b
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The D@ Detector

Central Preshower
Detector (CPD)

Central Fiber
Tracker (CFT)

Proportional Drift
Tubes (PDT)

Scintillators [

I

|

l

Ni7775.7

e Detector comprises several

(
F———

A Tracksupto |n| < 2.5

— = ‘ subdetectors
Mot - L \/ r_ SE I )ﬁ e Vertex— and tracking detector
e 2 i

777
s

Forward Preshower
Detector (FPD)

l

J

Silicon Micro

ﬁ l_Tracker (SMT)

TR
b
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The D@ Detector

Scintillators {

Central Preshower ’ [ Central Fiber ’

Detector (CPD)

Tracker (CFT)

Proportional Drift
Tubes (PDT)

I

|

Mini Drift
Tubes (MDT)rfi

|1
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l

Ni7775.7

472

[

A
i
/

—

\

Y 1
""—

Forward Preshower
Detector (FPD)

Silicon Micro
Tracker (SMT)

e Detector comprises several
subdetectors

e \ertex— and tracking detector
A Tracksupto |n| < 2.5

e Calorimeter

A Electrons upto |n| < 3.2
A Jetsupto|n| < 2.5
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The D@ Detector

‘ Central Preshower’ [ Central Fiber ’

Detector (CPD) Tracker (CFT)
Scintillators [Pr?ﬁggéo{]glla%nﬂ }
I |

s IR
| "
B

e Detector comprises several
subdetectors

\|

|1

Z Y 77774777
[ 7 \ // S | i /
s — ¥ 7
/ \
\
\
‘ ™

—

e \ertex— and tracking detector
A Tracksupto |n| < 2.5

Forward Preshower
Detector (FPD)

e Calorimeter

A Electrons upto |n| < 3.2
A Jetsupto|n| < 2.5

Silicon Micro
Tracker (SMT)

e Muon spectrometer

A Reconstruction of muons up to
n| <2
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The analysis
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Background Samples w.

Background Cross Section (pb) Generator Signal Like

ZIv* — bF 700 Pythia Only 2 leptons, no K. (¢ = e, u)
T — 0/ 3000 Pythia Only 2 leptons, no K

Data No leptons, no ET

tt Pythia Only 2 leptons

W— lv 2500 Alpgen Only 1 lepton
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Backgrounds and Selection

e Main background is QCD multijet production

A Very large cross section

Wine & Cheese Seminar, 1/23/2009

o (nb)

Marc Hohlfeld

1092....

Proton—(Anti—)Proton Cross Sections

T T T : T T T E 109

3 Otot : : E
- Tevatron  LHC
= : 110°
- Op E
- : 1103
= Ow <10t
3 o,
= 0, (E{*> 100 GeV) E
- : 4107t
_ : 41073
= Gjet(ETjet > Vs/4) E
;—OHiggs(MH =150 GeV) _ 10—5

Ll | L m\ L L L ] 10_7

0.1 1 10
Vs (TeV)
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Backgrounds and Selection

e Main background is QCD multijet production

A Very large cross section
A Require two isolated leptons

1092....

A Main contributions from Z/~ production

> T T T T { T T T T { T T T T I T T T
v | D@,2.3fot " Data |
O ! - WZy* Y
06 MM selection DMZItijet )
N7 Osusyi it
@ [ [Jsusy?2 EW+jetly -
S10%r EAWW,ZZ —
q) | L) -
Z N \Wz

m,, (GeV)
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Backgrounds and Selection

e Main background is QCD multijet production

A Very large cross section
e Require two isolated leptons

1092....

A Main contributions from Z/~ production

LI
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Backgrounds and Selection

e Main background is QCD multijet production
A Very large cross section
e Require two isolated leptons
A Main contributions from Z/~ production

e Require a third object (track)

A Diboson production main contributor

~ D@, 2.3 5"
| ppl selection

. Osusy1
- fisusy 2

Events/ 2.5 GeV
= [
Q <
T

[
o
N
T T

H T

LI

——————
* Data |
WZy*Y -
[ Multijet
B it |
EW+jetly
EWW,ZZ
MWz

m,, (GeV)
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Object Selection

0 R S
e Electrons: |n| < 3.2 %jzzz Ew
A Electromagnetic fraction > 0.9 G oo —J4
A Isolation < 0.2 o EW{V;
A Loose Likelihood requirement o
» Transverse and longitudinal shower shape
» Track based variables: x? match, isolation 0 g elotvon (o]
and number of tracks T A I e
Sw DA2SL IR
e Muons: |n| < 2.0 51° Osusy:1  mg
et L3SUSY 2 = Wetly |

EAWW,ZZ

A Loose hit requirements in the muon system
A Match to track in the inner detector
A Loose (tight) track and calorimeter isolation
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Object Selection (1) w.

e Taus: |n| < 2.5
A Two different 7 types /
A One neural network (NN) per type Tracl/( / % /
» Variables describing the shower
profile and isolation (Type 1) (2) (3) (QCD-Jet)

A Vary NN cut as function of p7. to keep constant efficiency

> 5OF _
. &) - DO . Dat i
o Jets: || < 2.5 O [t selection o ]
. . . . . al 40'_ .Z/y STt ]
A Iterative midpoint cone algorithm with x B Bz :
cone radius of 0.5 3 a0k YR
= - DJet Bkgd
c T
> i
e Missing transverse energy . 201
A Negative vector sum of the transverse 1of
energy in the calorimeter cells j :
A Correct for electron and jet energy scale % o5 1 15 2 25 3

Visible Tau Mass [Ge
A Correct for reconstructed muons [GeV]
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Object Selection (1) w.

e Taus: |n| < 2.5
A Two different 7 types /
A One neural network (NN) per type Tracl/( / % /
» Variables describing the shower
profile and isolation (Type 1) (2) (3) (QCD-Jet)

A Vary NN cut as function of p7. to keep constant efficiency

> [ L L B

: D@, 1 fb* - Data
o Jets: 2.5 & =10 mZiy*
ul < | | | | 8104 utl selection |:|I\_/|XItijet
A Iterative midpoint cone algorithm with ~10°F g{ltwjet/y E
cone radius of 0.5 S L EWW,ZZ
il Wwz  C
o 10 Clsusy 1 |

e Missing transverse energy

A Negative vector sum of the transverse

energy in the calorimeter cells 10"
A Correct for electron and jet energy scale  10% 100 150 200
A Correct for reconstructed muons £ (GeV)
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Preselection

e Combination of single lepton, dilepton and lepton+track triggern
e Require two leptons from the same vertex

Selection uul eel eul ur

p%l (GeV) 12 12 12 15
p2(GeV) 8 8 8 8

> F T N > [ T L T . Pafa
8105? D?, 2i3 fpl -gﬁtg § S 10°F D?, 2i3 ftb -gﬁtg ]
- EeMl selection . E - €Ml selection - E
N [ Multijet - <t [ Multijet 1
D al o i $10%E Wi -
c10°¢ EW+jetly 3 c = W+etly ]
SO EWW,ZZ - Q0% EWW,ZZ -
Yotk Wwz - Tl Wwz
g OJsusy1 102k OJsusy 1
102k {.iSUSY 2 | - {.ISUSY 2 |

: 10¢

10; _
100 1079 100
p'T1 (GeV) p'T2 (GeV)
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Preselection (Il)

e Selection dominated by Z— ¢/ events

A Use events from Z resonance for several cross checks

» Trigger efficiency measurements
» Normalization of number of events, cross check of integrated luminosity
» Measurement of lepton reconstruction efficiencies and resolutions

> T T
o | D@, 2.3’ - Data
o [ 952 * Y
0, il selection E%/I%tiie\t( )
N[ Osusy1 Wit |
2 {LISUSY 2 EW+ijetly -
z 7

100 150
m,, (GeV)
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Cuts using Missing Transverse Energy w.

o I related cuts
A Cut of 20 GeV on I, itself

A Transverse mass cut: mp = \/2 p5 B - (1 — cos AD(L, Bp))
» Rejects events with mismeasured lepton energies

S L L
- D@, 2.3 " moas
" epl selection = Multijet -

b — W it 5
n EW+jetly |
: ZWW,ZZ -

= Wz
LJsusy 1 |
tL.ISUSY 2 =

-

100 100 150
Signal B Background - myin (GeV)
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Cuts using Missing Transverse Energy w.

o I/, related cuts
A Cut of 20 GeV on I, itself

A Transverse mass cut: mp = \/2 p5 B - (1 — cos AD(L, Bp))
» Rejects events with mismeasured lepton energies

A Significance of I Sig(Jy) = / By :
Ve o2 B ED
Jet 1l

» Only defined for events with jets

» Rejects events with mismeasured
jet energies

missing E -
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Third Object Selection

e Select high quality track to account for the third lepton

A Track must be isolated in the tracker and calorimeter
» Efficient for electrons, muons and taus, suppresses tracks in jets

A Use hollow cone for isolation
» Also efficient for (3 prong) tau decays

Muon hits § >103|||||||||||||||||||
™~ 3 . D@, 23" * Data
© el selection WZly»
TP [ Multijet
Hadronic n [Jsusy 1 B tt _ ;
enerey = {isusy 2 EW+etly |
Electromagnetic g 10 ZWW.Z7Z -
energy 1 S J 3
WZ
10t
Electron Muon Tau 3 )
ron _
(1 prong) Prong 10 60 80 100
Signal Background
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Third Object Selection w.

e Select high quality track to account for the third lepton

A Track must be isolated in the tracker and calorimeter

» Efficient for electrons, muons and taus, suppresses tracks in jets
A Use hollow cone for isolation

» Also efficient for (3 prong) tau decays

. > 10°F T T T T T

e Instead of track require fully reconstructed $ | Dg, 1|fb1t_ -[z)ﬁ/té 5
hadronic tau 02k ET selection Emuli-Jet

N E Osusy1 t ]

A Orthogonal to the track selection g I Lisusy2 %W\Tg}' 1

: . 10¢ , E

A Recover events lost in the track selection U°>J’ % M\Wz E

A Tighter requirement = Cleaner selection 10 _;

B : =

10 E

102710 20 30 40 50
(1) (GeV)
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Optimization Procedure w.

e An optimization procedure is performed on every analysis

e Optimization performed in an iterative approach

=
Q,

Events / 5 GeV
=
o

10

10

Wine & Cheese Seminar, 1/23/2009

A Separately for every final state and low—/high—p selection
e Scan marginal distributions to find optimal cut value

A Optimize for best expected cross section limit

-
DY, 2.3 ﬂ:_)‘1
eel selection

\ ‘ \ ‘
WmZN*Y
I Multi—Jet
0t E
EWH+jetly -
EWW,Z2Z -
MWz E
JSUSY 1 -
[ ISUSY 2 -

Expected limit (pb)

0.12

0.1

Upper cut on m

ee

Marc Hohlfeld

\\\\\\\‘\\\\‘\\\\l\\
90 100 110 120

M ee(GeV)
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Selection Criteria

Cut pp + £ ee + £ eu + ¢
| pit, p2 >12,>8  >18,>16 >12,>8 >20,>10 >12,>8 >15, >15
€ [20, 60] €[0,75] €[18,60] € [0,75]
<2.9 <2.9 <2.9 <2.9
>20 >20 >22 >20
>3 >8 >8 >8
>20 >20 >20 >14
— <80 — —
\Y% Py >5 >4 >4 >12 >6 >6
mir >10 >10 >10 >10 >10 >8
T
% Mg ¢ [80,110] — - —~ <70 <70
Anti W — — Lhood>0.8 Lhood>0.8
Hit in layers 1, 2
VI Muon iso<1

|EPT|/p§r

<4

VIl By xptt

>300

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld
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Selection Criteria (I1)

ptl UTT

Apir g, >0.5 Adr, g >0.5
\Y; yy, <60 <60
Anti W Lhood Lhood
VI NN;, x NN,, >07
\l W x ptt >300 Xp | /DY <3.5
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EE N DO

Cut eel
Data Backgrd Eff. (%) Data  Backgrd. Eff. (%) Data Backgrd Eff. (%)

| 194006 195557+177 19.9+0.3 235474 2327/36+202 15.54+0.2 16630 16884+75 10.540.1

\Y 7 2.940.7 3.440.1 16 9.3+2.0 3.0+0.1 22 18.0+1.2 2.440.1
VI 4 1.240.2 2.8+0.1 2 1.840.2 2.140.1 2 0.840.2 1.340.1
| 140417 1417814120 19.640.2 171001 1701974175 18.1+0.2 4617 4709423 11.54+0.2
\Y 7 3.840.5 5.940.1 0 1.5+0.3 4.04+0.1 11 12.740.9 4.14+0.1
VII 4 2.0+£0.3 5.0+0.1 0 0.840.1 3.6+0.1 0 05401 2.140.1
>102§ T ‘1 I ‘D L[ 3
o D@, 23fb -~ Daia = 1 ' ' '
S | colsclecton MV ;(et e Low pr selection (including p7 analyses)
P e A Background at final selection stage dominated
g BWW.Z7 | by diboson production: 50%
2 MWz z
f CISUSY 1 | A Other background components

[EEN
Q
\\\\\"—‘

Isusy 2 | » / — /0 10%

: » W — /v 30%

: : » tt: 5%

T R R A Total signal expectation: 9.3 events
m(e,e) (GeV)
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EE N DO

Cut eel
Data Backgrd Eff. (%) Data  Backgrd. Eff. (%) Data Backgrd Eff. (%)

| 194006 195557+177 19.9+0.3 235474 2327/36+202 15.54+0.2 16630 16884+75 10.540.1

\Y; 7 2.940.7 3.4+0.1 16 9.3+2.0 3.0+0.1 22 18.0+1.2 2.440.1
VII 4 1.24+0.2 2.840.1 2 1.840.2 2.140.1 2 0.8+0.2 1.340.1
| 140417 1417814120 19.6+0.2 171001 1701974175 18.1+0.2 4617 4709423 11.54+0.2
\Y; 7 3.840.5 5.9+0.1 0 1.5+0.3 4.04+0.1 11 12.740.9 4.1+0.1
VII 4 2.0+0.3 5.0+0.1 0 0.840.1 3.6+0.1 0 05+0.1 2.140.1
>102§ T ‘1 I ‘D L[ 3
o D@, 23fb -~ Daia = 1 ' '
810 eel selection Efﬂ%u Lt e High pr selection _ _ _
PR — L. A Background at final selection stage dominated
B e . .
g =WV\J/,z\z/ by diboson production: 70%
g \\'4 E
: OsUsy 1 | A Other background components

[EEN
Q
\\\\\"—‘

Dsusvzé » / — 0 20%

: » W — lv: 5%

: ; » tt: 5%

T R R A Total signal expectation: 0.9 events
m(e,e) (GeV)
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Event Displays

Run 231775 Evt 20290595 Sat Mar 31 11:05:15 2007 Run 231775 Evt 20290595 Sat Mar 31 11:05:15 2007 Run 231775 Evt 20290595 Sat Mar 31 11:05:15 2007
ET scale: 17 GeV E scale: 16 GeV

N

; "%‘\\‘\‘\“ \-': ¥ /‘é’o
PN o S AN g
SRR

o X KA
i
y, :/v”, i

pT ] ¢

Electron 18.7 GeV -0.92 3.31
Muon 11.2 GeV -0.23 2.22
Track (2nd muon) 8.3GeV -0.24 3.67

Invariant mass of two muons 18.6 GeV
Electron transverse mass 43.4 GeV
Muon transverse mass 33.1 GeV
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Systematics w.

Main sources

Background Signal

trigger, lepton identification , reconstruction efficiencies

Jet and tau energy Scale

Track momentum

Track reconstruction

PDF/scale errors on the cross section

Luminosity

4% 4%
2—9% 2—6%
1% 1%
1% 1%
4.5% 4.5%
6% 6%

e Comparison of data and Monte Carlo
A Low pr selection

» Np, =5.4 £ 0.4 (stat.) + 0.4 (syst.) events,
A High pr selection

» N, =3.3+ 0.3 (stat.) = 0.3 (syst.) events,

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld

Ngata = 9 €events

Ngata = 4 events
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T DO

e No evidence for SUSY observed
A Set limit on production cross sections times branching ratio ¢ x BR(3/)

A 3/—max scenario

m-+=M-o~
> X? X2

2mgo and my; slightly heavier than my

» Maximized branching ratio into three leptons

e Cross section limit ¢ x BR(3/)

A Observed: 0.06-0.12 pb
A Expected: 0.04-0.08 pb

e Mass limits for m

A Observed: 1381 GeV
A Expected: 148 GeV

1

G(X,X,) X BR(3!) (pb)

0.3

0.2

0.1

¥

/

L L L B

D@, 2.3 fo*
MOERMEO=2ME): M()>M(X)
tanp=3, u>0, no slepton mixing
— Observed Limit
Expected Limit

L
'
Ll
......
e,
-----

_
100 110

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld

P I T R T I R T L
130 140 150 160
Chargino Mass (GeV)
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Limits in the my—m, /; plane

34
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m()—ml/Q—Plane

e My—M; ,—Pplane can be subdivided in different regions corresponding to
different decay chains
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rT]Q'—111]JQ2—'F)|61r]EB

e My—M; /,—Plane can be subdivided in different regions corresponding to
different decay chains

o mig >m>~<(1) +MZ

A Decays via real Z bosons

M%) = M(W)+M()

L4 | | | | | | | | | [ I

200 250
m, (GeV)
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m()—ml/Q—Plane

e My—M; ,—Pplane can be subdivided in different regions corresponding to
different decay chains

® mgo > Myo + M,

A Decays via real Z bosons

o - -0 +
mxic > myo My

A Decays via real W bosons

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld universitétl:m'ml 35



mO—ml/Q—Plane

e My—M; ,—Pplane can be subdivided in different regions corresponding to
different decay chains

o mig >m>~<(1) +MZ

A Decays via real Z bosons

o - -0 +
mxic > myo My

A Decays via real W bosons

i o + i .
® My < Myo My and M+ < my

A Decays via virtual Sleptons
and W bosons
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mO—ml/Q—Plane

e My—M; ,—Pplane can be subdivided in different regions corresponding to
different decay chains

o mig >m>~<(1) +MZ

A Decays via real Z bosons

o - -0 +
mxic > myo My

A Decays via real W bosons

i o + i .
® My < Myo My and M+ < my

A Decays via virtual Sleptons
and W bosons

® m)ZS >mg

A Decays via real Sleptons
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mO—ml/Q—Plane

e My—M; ,—Pplane can be subdivided in different regions corresponding to
different decay chains

o mig >m>~<(1) +MZ

A Decays via real Z bosons

o - -0 +
mxic > myo My

A Decays via real W bosons

i o + i .
® My < Myo My and M+ < my

A Decays via virtual Sleptons
and W bosons

® m)ZS >mg

A Decays via real Sleptons

® MmM_+ > 1My
X1

A Decays via real sneutrinos
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mQ—m1/2 P|aﬂe

e Extend limit in mp—m; ,, plane and for different tan 3

A Generate Monte Carlo in the plane
A Extract efficiency as function of masses

)

3

K
o

X

r— 400 T T T T | T T, T T | T L T T T T T
> - Q. -
i Nl .

o S <

SN ,, ) i
& 300 - é A M&g) = MZ+M&5) i
M) = My, MK
20007 % ]

T3
5
&
5
KX

100 LEP Chargino Search N
XX AN N
KA N
SORHK] N
‘Q’Q‘Q‘Q‘ LEP Slepton Search \
O "“ SO N NN N NN NN N NN\

0 100 200 300

m, [GeV]

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld

400

e Generate more MC in regions where
larger changes in efficiencies are
expected

A Equal Neutralino and Slepton
masses: Am; = my — My

A Equal Neutralino and Sneutrino
masses: Amgy = mgy — m

~0
X2

universitatbonn
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Parametrization of Efficiencies

e Determine efficiencies separately for all different decay chains
A 3-body decays
A 2-body decays 3
» Decay via Sleptons: ¥ — v
» Decay via sneutrinos: Y& — i/

» Decay via real W bosons: 3 — Wx?

g L 2-body 3-body
2 0.01— N
g oo 5%2 ST t |
0.008:— ~ H +
- % N @I % - lv
0.006—
I
0.004:_ ¢ +
- ‘H'{,
0.002— ¢ éﬁi R ¢
B o |, ’.
O_I 1 1 | 1 1 I' | 1 1 1 | 1 1 1 1 1 1 | 1 1
-60 ~40 20 0 _ 2o§p
M()-M(x,) [GeV]
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Two—Body Region

e Decays via Sleptons

A For small Am, third lepton is very soft
= Small efficiency

A With increasing Am, pt spectrum gets harder
= Increase In efficiency I

A For large negative Am, third lepton is very soft again

= Small efficiency
0.0
0.018—

iciency

D 0.016—
0.014—
0.012—

0.0]; % ....... oo
0.008—
0.006—
0.004—
0.002—

Il l ] - l ] l I l L1l l N l L1 1 l ] - l ] - l I l
0 -60 -50 -40 -30 -20 -10 O 10 20 30
M()-ME) [GeV]
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Two—Body Region

e Decays via Sleptons

A For small Am, third lepton is very soft
= Small efficiency

A With increasing Am, pt spectrum gets harder
= Increase In efficiency I

A For large negative Am, third lepton is very soft again

= Small efficiency
0.0
0.018—

iciency

D 0.016—
0.014—
0.012—

0.0]; % ....... oo
0.008—
0.006—
0.004—
0.002—

Il l ] - l ] l I l L1l l N l L1 1 l ] - l ] - l I l
0 -60 -50 -40 -30 -20 -10 O 10 20 30
M()-ME) [GeV]
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Parametrization of Efficiencies w.

e Fit distributions for all different final states and selections
e From individual fits, extrapolate into the plane
eel analysis

pud analysis

300

250

g GeV)

e Combine different decay chains according to the branching fractions
e Combine different channels according to their luminosity

e Calculate limit for every single point in the plane in 1GeV steps
universitétbonnl 39
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Limits in the m—m, , Plane w.

T T T T | T T T
- D@, 2.3 fb?!
MSUGRA
A =0

T

tanp = 3,

o

250
-

200" LEP

| Slepton
_ Limit

150

Search for % g(‘p

B D obsérved limit |
,1>0 mm D@ expected limit |

— CDF observed
limit (2.0 fb™?

2

LEP Charglno Limit

0 50

100 150 200
m, (GeV)

e EXxclusion plane extends well above existing limits

A Chargino masses up to 167 GeV are excluded
A Probing Chargino masses up to 176 GeV

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld
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Result as Function oftan 3

e With increasing tan 3 the final state consists of more tau leptons due to
iIncreased Stau mixing = Light Stau

e Sensitivity of ee + ¢, pp + ¢ and ep + ¢ decreases
A Limitinthe mg—m, , plane will get worse

e Analyses selecting at least one (u7¢) or two hadronic taus (u77) help to keep

efficiency reasonable
Leptonic BR in 3 7 leptons Efficiency of ee + ¢ analysis

Signal efficiency as a function of tan 3

17\\ T 1T T 1T T 1T T 1T T 1T T
Qo 09; ‘%%—»‘3Lepto‘ns+x‘ E >0.025
EC; ) E—%-»e/pwx -% "¢ i
o 08— e i 002
E 0.7?—§2ﬁe/u+x E E ¢
8 0.6 ==X ~1+x E B
© o E 0.015_—
& 0.57 - ¢ T
0.4Fr E B t
0.3, / ] 001:_
0.2F E B ¢
0_1; 7 0.005— ;
O?HH\HH\HH\HH\HHH?_EJ‘F B
0 5 10 15 20 25 30 0_...|....|....|....|....|....?..
0 5 10 15 20 25 30
tan() tan B

41
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Result as Function oftan 3 (II) w.

1

a(X;X,) X BR(3) k)

- DQZ fbl .
- M(%) 130 GeV; M(t) - M&p)_lc;ev -
B — Observed Limit
0.2— e Expected Limit
! MSUGRA L=
01— T
oo e e b e e b b b b b
I S N N BRI TV R R W
tan 3

e Select points with Myg: = 130 GeV, mz —myo =1 GeV
e Limit remains stable within a factor of 2
A Can exclude Charginos of 130 GeV up to tan 3 = 9.6

Wine & Cheese Seminar, 1/23/2009 Marc Hohlfeld
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Conclusion w.

e Summary

A Search for Charginos and Neutralinos using five different final states
A No observation of SUSY particles
A EXxclusion limits as function of Chargino mass, tan 3 and in mg—m; ;5 plane

> mps > 138 GeV in 3/—max scenario e
» World best limits in me—m; , plane a. b
A Analysis is published :
arXiv:0901.0646v1hep — ex] ’F
A Combination with CDF planned s 8

e More than twice data are already on tape
A Still some room for SUSY at the Tevatron

STAY TUNED

CMSSM

=
Ln

— LEP
L excluded

M]] 1 i Gl 2l ]m m
MHiges [GeV/ 7]

O. Buchmtller et al.,

arxXiv:0707.3447v2 .
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Conclusion w.

e Summary

A Search for Charginos and Neutralinos using five different final states

A No observation of SUSY particles

A EXxclusion limits as function of Chargino mass, tan 8 and in mg—m;, /, plane
> mps > 138 GeV in 3/—max scenario

» World best limits in mg—m, /, plane S o
A Analysis is published : N :
arXiv:0901.0646v1 hep — ex] ZE e o E
A Combination with CDF planned 10F % e 1

e More than twice data are already on tape g o
A Still some room for SUSY at the Tevatron -~

oL CMSSM, >0, m = 171.4 7
C > o e tanp=10 A =0

Ak e tanB =10, A = +m,,
tanp = 10, Ay =-m,,

- tanB =10, Ay = +2m,, |
. tanp = 10, A, = -2 m, , i

0

N
I

1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
0 200 400 600 800 1000
M-o, M-. [GeV]
%2 A

J. Ellis et al.,
arXiv:0706.0652v1
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